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(57) Abstract 

The invention relates to 2-cyclopenten- 1 -one as an inducer of the heat shock protein HSP70 by activating the heat shock transcription 
factor HSF, and selectively inducing the transcription and translation of HSP70 in human cells. In particular, since a cytoprotective 
role of HSP70 during viral infection was previously shown, the invention refers to 2-cyclopenten- 1 -one and its pharmaceutic ally acceptable 
derivatives as inducers of HSP70 with antiviral activity. Treatment with 2-cyclopenten- 1 -one and its pharmaceutical! y acceptable derivatives 
causes a dose-dependent reduction of infectious virus yield during infection with vesicular stomatitis virus. The block of virus replication 
is due to inhibition of viral protein synthesis, associated with HSP70 synthesis. 
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2-CYCL0PENTEN-1-0NE AS AN INDUCER OF HSP70 
FIELD OF THE INVENTION 

The present invention relates to 2-cyclopenten-l-one as an inducer of 
HSP70. In particular the invention relates to 2-cyclopenten-l-one and 
its pharmaceutical^ acceptable derivatives as inducers of HSP70 with 
antiviral activity . 
BACKGROUND 

As known, prostaglandins (PGs) are a class of naturally occurring 
cyclic 20-carbon fatty acids that are syntetized by various kinds of 
eukaryotic cells in response to external stimuli and play an important 
role in the physiological response to cell proliferation and 
differentiation. Since their discovery, they were shown to function as 
microenvironmental hormones and intracellular signal mediators and to 
control a large number of physiological and pathological processes, 
including cell proliferation and differentiation, immune response, 
inflammation, cy toprotec tion and the febrile response. 

In particular, the type A and J PGs, which posses a cyclopentenonic 

structure, are strong inhibitors of virus replication ("Stress 

Proteins: Induction and Function" Schlesinger M J , Garaci E. , Santoro 

M.G. ed . s , Springer-Verlag , Heidelberg-Berlin , 27~^^ » 1990)- 

Stress proteins, also called Heat Shock Proteins (HSPs) (Proc. Natl. 

Acad. Sci. USA 86. 8407-8411, 1989) are a family of polypeptides 

synthetized by eukaryotic and prokariotyc cells in response to a heat 

shock or other kinds of environmental stress. The HSPs are encoded by 

a cellular subgroup of genes, identified as stress genes. 

The cy toprotec tive role of the stress proteins has been described in 
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numerous pathologies, among which ischemia (M.S. Marber et al . . J. 
Clin. Invest. 93. march 199'*. 1087-1094). 

The authors have shown that some cyclopentenonic prostaglandins (PGA e 
PGJ) induce the synthesis of heat shock protein HSP70 in human cells 
5 through the activation of the heat shock transcription factor HSF (C. 
Amici et ai.. Proc. Natl. Sci. USA vol. 89. 6227-6231. 1 1992) 
It is also known that, in the pathogenesis of the viral infection, the 
stress proteins HSP interfer at various levels with the virus 
replication, and in particular a cytoprotective role of the HSP70 
10 protein has been characterized in some experimental models of acute 
infection (M.G. Santoro, Experientia, Vol. 50. 1039-1047, 199^) . The 
possibility to selectively activate some "heat shock" (hs) genes and 
to manipulate the cellular stress response to the host advantage is 
suggested by recent studies which demonstrate that prostaglandins are 
15 able to induce HSP70 synthesis in a non-stress situation and to 
protect the host cell during virus infection (M.G. Santoro. 
Experientia. Vol. 50. 1039-1047. 1994). 

The authors have recently shown that the induction of HSP70 synthesis 
is one of the molecular mechanisms used by cyclopentenonic 
20 prostaglandins to cause a selective and reversible block of the 
protein synthesis in infection models with single strand negatively- 
polarized RNA viruses (C. Amici et al . . J. Virol. 68. 6890-6899. 
1994) . 

SUMMARY OF THE INVENTION 
25 It has now been found that 2- cy c lopen ten - 1 -one , the structure 
constituting the center nucleus of PGA and PGJ. turns out to have ar. 
activity which is analogous to PGA and PGJ. that is. it is able to 
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induce the synthesis of HSP70 protein, even though.it does not contain 
the corresponding acid function and alifatic lateral chains. Therefore 
it seems that the lateral chains, which are present in the PGA and 
PGJ . with their substituents and double bonds, in particular the acid x 
function, which implies the fatty acid nature of prostaglandins, can 
be eliminated without substantially modifying the herein above 
described specific activity. 

It is therefore an object of the present invention the 2-cyclopenten- 

1- one as inducer of HSP70 . 

Another object of the invention is the 2-cyclopenten- 1 -one as inducer 
of HSP70 with antiviral activity. Another object of the invention are 
the 2-cyclopenten-l-one pharmaceutically acceptable derivatives as 
inducers of HSP70 with antiviral activity. 

Further objects of the invention are pharmaceutic compositions 
comprising 2-cyclopenten-l-one and/or its pharmaceutically acceptable 
derivatives to make medicaments with antiviral activity. In particular 
antiviral activity against single strand negatively polarized -RNA 
viruses and DNA viruses. Further objects of the invention will be 
evident from the following detailed description of the invention. 
BRIEF DESCRIPTION OF FIGURES 

Fig. 1AI shows the kinetics of HSF (Heat Shock Factor) activation by 

2- cyclopenten-l-one. Whole cell extracts were subjected to EMSA. 

Fig. LAII shows the kinetics of HSF (Heat Shock Factor) activation by 
2-cyclopenten-l-one. The HSF-HSE complexes were quantitated with a 
Molecular Dynamics Phosphorlmager (MDP). 

Fig. 1BI shows the transcription rates, measured by nuclear run-on 
assay. Following hybridization. filters were visualized by 
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autoradiography . 

Fig. 1BII shows the transcription rates, measured by nuclear run-on 
assay. Following hybridization, the radioactivity was quantitated by 
MDP analysis. 

5 Fig. 1C1 shows the effect of 2-cyclopenten-l-one on protein synthesis. 
Cells were processed for autoradiography. 

Fig. 1C11 shows the effect of 2-cyclopenten-l-one on protein 
synthesis. HSP70 synthesis was determined by densi tometric analysis of 
the au toradiograms . 
10 Fig. 2A shows the effect of 2-cyclopenten-l-one on VSV replication. 
The VSV titers are shown. 

Fig. 2BI shows the effect of 2-cyclopenten-l-one on VSV protein 
synthesis. Uninfected cells are shown. 

Fig. 2B1I shows the effect of 2-cyclopenten-l-one on VSV protein 
15 synthesis. VSV infected cells are shown. HSP70 is indicated by the 
arrow . 

DETAILED DESCRIPTION OF THE INVENTION 

The 2-cyclopenten-l-one is a known product, which can be synthetized 
according to the process described in Beilstein {Daene, Eder, A. 539 

20 [1939] 207. 211). 

According to the present invention 2-cyclopente-l-one , preferably in 
concentration ranging between 100 and 500 uM. can activate the HSF 
transcription factor and selectively induce the transcription and 
translation of the HSP70 gene. In particular, induction tests have 

25 been performed on human ery thro leukemia cells (K5&2 cells), as showr. 
in Fig . 1 . 

The HSP70 synthesis was detected also in other types of human cells- 
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(HEp-2, HeLa) and in monkey epithelial cells (MA10** cells) (Fig. 2) 
treated with 2-cyclopenten-l-one. Moreover, the induction of HSP70 
synthesis is found to be associated with high antiviral ac tivrty... 
Infact, in MA104 cells infected with the Vesicular Stomatitis Virus 
5 (VSV) ( 1-10P . F . U . /cell ) the treatment with 2-cyclopenten-l-one, 
started 1 hour after infection, causes a dose-dependent reduction in 
the production of infectious viral particles (Fig.2A). As in the case 
of other HSP70 inducers, the block in the replication of the virus is 
caused by the selective inibition of the synthesis of viral proteins, 

10 associated with the synthesis of HSP70 protein (Fig.2B). 

These results confirm the antiviral activity of 2-cyclopenten-l-one as 
inducer of HSP70 and show the possibility of using 2-cyclopenten-l-one 
to induce the synthesis of HSP70 and inhibit viral replication. 
Based on these results it is possible to use 2-cyclopenten-l-one, as 

15 well as its pharmaceu tically acceptable derivatives, as active 
substances to produce medicaments, in particular medicaments having 
antiviral activity against negative strand RNA viruses and B.NA 
viruses, sensitive to the antiviral activity of cy c lopen tenoni c 
prostaglandins . 

20 It is an advantage of the invention to have a product with antiviral 
action at; low costs for its synthesis and a novel mechanism of 
antiviral action, different from antiviral drugs in use. 
The following examples are reported to illustrate the invention. They 
should be considered in any case non limiting the scope of the 

25 invention itself. 

The reagents used in the examples, including 2-cyclopenten-l-one, were 
products of Sigma Aldrich. ^ 2 P e 35 s were produced by AMERSHAM . Fetal 
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calf serum and cellular culture media were produced by GIBCO. 
EXAMPLE I 

The effect of the treatment with 2-cyclopenten- i-one on the HSF 
activation, on the heat shock gene transcription and on the synthesis 
5 of the proteins have been evaluated in K562 cells with the methods 
described hereinbelow and shown in Fig. 1. 
KINETICS OF ACTIVATION 

The cells were prepared according to the method described in C.Amici 
et al. Cancer Research 55. 4452-4457, 1995- 

10 Whole-cell extracts, prepared at different times after treatment with 
500uM of 2-cyclopenten-l-one in ethanol or after 3 hours- of heat shock 
(U5°C for 20 min) were subjected to EMS A ( Elec trophoretic Mobility 
Shift Assay) (Fig. 1AI). as described in C.Amici et al . Cancer 
Research 55. 4452-4457. 1995- The positions of HSF. CHBA (HFS-DNA 

15 constitutive activity) and NS (proteins-DNA non-specific interaction) 
are indicated. The levels of HSF DNA-binding activity in cells treated 
with 2-cyclopente-l-one were quantitated with a Molecular Dynamics 
Phosphorlmager (MDP) (Fig. 1AII). The HSF values were, .normalized to 
the level of HSF DNA-binding activity at 9 h after treatment, which 

20 was gi ven a value of 100%. 

As evident. 2-cyclopenten-l-one is able to activate HSF. The 
activation is prolonged for the following 24 hours, with a maximum at 
9 hours from the beginning of the treatment. 
TRANSCRIPTION RATE OF HSP70 GENE. 
25 The transcription rates were measured by Nuclear Run-On assay (C.Amici 
et al.. Cancer Research 55. 4452-4457, 1995)- The . 32 P-labelled RNA was 
hybridized to nitrocellulose filters containing plastnids for the? 
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following human genes: hsp70 (pH.2,3; B.Wu et al . , Mol . Cell. Biol. 5. 
330 (1985)); gvp?8/BiP (glucose-regulated 73 protein) (pHG 23.1; 
C.Amici et al., Proc . Natl. Acad. Sci. USA 89. 6227. 1992); hsc70 
(heat shock cognate 70) (pHA 7.6; C.Amici et al . . Proc. Natl. Acad: 
5 Sci. USA 89. 6227, 1992); HO (heme oxygenase) (HO clone 2/10; A.Rossi ^ 
e M.G.Santoro. Biochem. J., 308 f 455. 1995); GAPDH (rat glyceraldehyde 
phosphate dehydrogenase) (GAPDH. 1400 bp, Pstl ; A.Rossi e M.G.Santoro, 
Biochem. J., 308 , 455, 1995)- The vector plasmid (Bluescript) was used 
as a non-specif ich ybridization control. Following hybridization, the 

10 filters were visualized by autoradiography (Fig. 1BI) and the * v t 

radioactivity was quantitated by MDP analysis (Fig. 1BII). The rvalues 
are expressed as arbitrary units obtained by comparing transcription 
rates to control levels. As evident, 2-cyclopenten-l-one is able to 
selectively activate the hsp70 gene transcription. The transcription 

15 is prolonged at high levels for at least 9 hours from the beginning of 

the treatment. v ~ r *~ 

EFFECT OF 2-CYCL0PENTEN-1 -ONE ON HSP70 PROTEIN SYNTHESIS Equal amounts 
of protein from K562 cells labeled with l^S] -methionine (10 pCi/10 6 
cells, 1 h pulse) at different times after treatment with 500 uM 2- 

2o cyclopenten-l-one were analyzed on 10% SDS/PAGE gels and processed for 
autoradiography (Fig. 1CI) Hsp70 synthesis (?) was determined by 
densi tome trie analysis of the au toradiograms (Fig. 1CII). Total 
protein synthesis (?) was determined as [ ^S ] -methionine incorporation 
into TCA-insoiuble material (C.Amici et al . t Exp. Cell. Res. 207, 230- 

25 234. 1993). 

As evident, 2-cyclopenten-l-one is able to selectively stimulate HSP70 
protein synthesis at concentrations that do not inhibit the cellular 
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protein synthesis . 
EXAMPLE II 

The effect of 2-cyclopente- 1 -one on the replication of Vesicular 
Stomatitis Virus (VSV) and on the HSP70 protein synthesis was 
evaluated as described in the following and illustrated in Fig. 2. 
5 Confluent nonolayers of monkey kidney MA104 cells, grown in RPMI-16^0 
medium supplemented with 5% FCS (fetal calf serum) and antibiotics, 
were infected with VSV (Indiana serotype. Orsay; 1 P . F . U . /cell ) . After 
1 h at 37 °C, the viral inoculum was removed and cells were kept at 
37°C xn RPMI-1640 medium containing 2% FCS and different 
10 concentrations of 2-cyclopenten-l-one in ethanol or control diluent. 

VSV titers were determined 24 h post infection (p.i*) by cytopathic: 
effect 50% (CPE 50%) assay, as described in F.Pica et al . , Antiviral 
Res., vol. 20, 193. 1993 and illustrated in Fig. 2A. 

Uninfected (U) or VSV-infected (VSV) MA104 cells were treated with 250 
15 uM (lanes 2 and 5) and 500 pM (lanes 3 and 6) 2-cyclopenten-l-one, or 
with control diluent (lanes 1 and M, soon after VSV infection and 
labeled with [ 35 S ] -methionine (8 uCi/2xl0 5 cells, 1 h pulse starting 5 
h p.i.). Equal amounts of protein were analyzed on 10% SDS/PAGE ge., 
and processed for autoradiography. The position of hsp70, identified 
20 by western blot analysis using anti-human hs P 70 antibodies, is 
indicated by the arrow. VSV proteis L, G, N, NS and M are indicated. 
2-cyclopenten-l-one. at concentrations ranging between 100 and 500uM, 
inhibits the production of VSV infectious virions from 10 to more than 
1000 times with respect to the control . under the indicated 
25 conditions. The inhibition is mediated by a selective block of th* 
viral protein synthesis, combined with the induction of HSP70 . 
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CLAIMS 

1. 2-cyclopente-l-one as inducer of HSP70 protein. 

2. 2-cyclppenten-l-one and its pharmaceutically acceptable derivatives 
as inducrrs of the antiviral activity of HSP70 protein. 

5 3. 2-cyclopenten-l-one and its pharmaceutically acceptable derivatives 
as inducters of the antiviral activity of HSP70 protein against single 
strand negatively polarized RNA viruses and DNA viruses. 

4. 2-cyclopenten-l-one and its pharmaceutically acceptable derivatives 
as inductors of the antiviral activity of HSP70 protein at 

10 concentrations ranging between 100 and 500 pM. 

5. Pharmaceutical compositions comprising 2-cyclopenten-l-one and its 
pharmaceutically acceptable derivatives in pharmaceutically acceptable 
doses . 

6. Use of 2-cyclopenten-l-one and its pharmaceutically acceptable 
15 derivatives to make pharmaceutical compositions possessing antiviral 

activity . 
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